Pseuduvarines A (1) and B (2), two new dioxoaporphine alkaloids with an amino moiety, were isolated from the stem bark of Pseuduvaria rugosa and their structures were elucidated by combination of 2D-NMR spectroscopic analysis. Pseuduvarines A (1) and B (2) showed cytotoxicity against MCF7, HepG2, and HL-60 (1: IC 50 , 0.9, 21.7, and Ͼ50.0 m mM, respectively, 2: IC 50 Ͼ50.0, 15.7, and 12.4 m mM, respectively).
In our search for new bioactive alkaloids from tropical plants in Malaysia and Indonesia, we have reported a series of bisindole alkaloids, bisnicalaterines A-C from Hunteria zeylanica and cassiarins from Cassia siamea with potent vasorelaxant and antiplasmodial activities. [1] [2] [3] [4] Continuous research on phytochemical constituents of tropical plant Pseuduvaria rugosa led to the isolation of two new dioxoaporphine alkaloids, pseuduvarines A (1) and B (2) . The genus Pseuduvaria belonging to the family Annonaceae has been known to contain particularly aporphine alkaloids with biological activities such as antituberculosis and cytotoxicity. [5] [6] [7] [8] In this paper, we report the isolation and structure elucidation of pseuduvarines A (1) and B (2), two new dioxoaporphine alkaloids with an amino moiety as well as cytotoxic activity.
The bark of Pseuduvaria rugosa was subjected to Soxhlet extraction using hexane to remove fatty acid and lipid matters, and then extracted with dichloromethane. The dichloromethane extract was re-extracted with 5% HCl. The acidic layer was basified to pH 11 with 10% ammonia solution and re-extracted with dichloromethane, of which the extract was evaporated to yield a crude alkaloid fraction. This fraction was purified by a silica gel column chromatography using dichloromethane with increasing amounts of methanol to obtain pseuduvarines A (1, 3.1 mg, 0.00062%) and B (2, 2.9 mg, 0.00058%), along with three known aporphine alkaloids, liriodenine, 9) ouregidione, 10) and N-methylouregidione. 6) Pseuduvarine A (1) was isolated as orange amorphous solids and the high resolution-electrospray ionization-mass spectra (HR-ESI-MS) showed a pseudo molecular ion peak at 323.1035 (MϩH) ϩ corresponding to the molecular formula C 18 H 14 N 2 O 4 . The UV spectrum of 1 exhibited absorption maxima at 211, 260, 322.5, 403, 424, and 472 nm indicating the presence of a highly conjugated system. Whereas the IR spectrum showed the presence of two carbonyl groups at 1684 and 1606 cm N HMBC) revealed the structure of 1 as 3-amino-1,2-dimethoxy-4,5-dioxoaporhine. The existence of one NH and one NH 2 functional moieties was concluded from the observed split cross-peaks in the 1 H-15 N HMBC spectrum. The position of the NH moiety was deduced from the HMBC correlations of H-7 to N-6 and NH to C-1b and C-4. Finally, the substitution pattern for ring A was deduced from the HMBC correlations of NH 2 to C-3a (d C 105.4). The structure of pseuduvarine A was concluded to be 1 as shown in Fig. 1 is the first isolation of a dioxoaporphine alkaloid with an amino group at ring A. Pseuduvarine B (2) was isolated as orange amorphous solids and the HR-ESI-MS showed a pseudo molecular ion peak at 337.1184 (MϩH) ϩ corresponding to the molecular formula, C 19 H 16 N 2 O 4 . The 1 H-and 13 C-NMR spectra of 2 were highly similar to those of 1, except for an additional methyl signal (d C 30.8 and d H 3.90) in place of an NH signal, suggesting the structure of 2 as was to be N-6 methyl derivative of 1. Further analysis of the 2D-NMR data confirmed the methyl position at N-6 from the HMBC correlations of N-6-CH 3 to C-6a and C-5.
Pseuduvarines A (1) and B (2) are rare dioxoaporphine alkaloids with an amino moiety at C-3. Pseuduvarines A (1) and B (2) showed cytotoxicity against human cancer cell lines, MCF7 (IC 50 1: 0.9 mM, 2: Ͼ50.0 mM), HepG2 (IC 50 1: 21.7 mM, 2: 15.7 mM), and HL-60 cells (IC 50 1: Ͼ50.0 mM, 2: 12.4 mM). The presence of the N-methyl moiety may play an important role for potency and selectivity against various cancer cell lines.
Experimental
General Experimental Procedures UV spectra were recorded on a Shimadzu UVmini-1240 spectrophotometer and IR spectra on a JASCO FT/IR-4100 spectrophotometer. High-resolution ESI-MS were obtained on a LTQ Orbitrap XL (Thermo Scientific).
1 H-and 2D-NMR spectra were recorded on a Bruker AV 700 spectrometer, and chemical shifts were referenced to the residual solvent peaks Extraction and Isolation The bark of Pseuduvaria rugosa (0.5 kg) was subjected to Soxhlet extraction using hexane to remove fatty acid and lipid matters, and then extracted with dichloromethane. The dichloromethane extract (4.0 g) was re-extracted with 5% HCl. The acidic layer was basified to pH 11 with 10% ammonia solution and re-extracted with dichloromethane, of which the extract was evaporated to yield a crude alkaloid fraction (1.9 g). This fraction was purified by a silica gel column chromatography using dichloromethane with increasing amounts of methanol to obtain pseuduvarines A (1, 3.1 mg, 0.00062%) and B (2, 2.9 mg, 0.00058%), along with three known aporphine alkaloids, liriodenine, 9) ouregidione, 10) and N-methylouregidione. Cytotoxicity HL-60, human promyelocyctic leukemia cells were maintained in RPMI-1640 medium; MCF7, human breast adenocarcinoma; and HepG2, human liver carcinoma cells were maintained in Dulbecco's modified Eagle's medium (DMEM) medium. Both growth medium were supplemented with 10% fetal calf serum and 1% penicillin-streptomycin. The cells (5ϫ10 3 cells/well) were cultured in Nunc disposable 96-well plates containing 90 ml of growth medium per well and were incubated at 37°C in a humidified incubator of 5% CO 2 . Ten microliters of samples were added to the cultures at 24 h of incubation. After 48 h of incubation with the samples, 15 ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (5 mg/ml) were added to each of the wells. The cultures were incubated for another 3 h before the cells supernatant are removed. After the removal of the cells supernatant, 50 ml of dimethyl sulfoxide (DMSO) was added to each well. The formed formazan crystal was dissolved by re-suspension by pipette. The optical density was measured using a microplate reader (BioRad, U.S.A.) at 550 nm with reference wavelength at 700 nm. In all experiment, three replicates were used. Cisplatin was used as positive control (IC 50 : 0.87 mM for HL-60, 27.7 mM for MCF7, and 12.3 mM for HepG2). 
